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I, the undersigned, being an officer duly authorised in accordance witib ^Section /74(1 and g) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. - 

y ' . 

In accordance with the Patents (Companies Re-registration) Rules 1982 if a company named 
in this certificate and any accompanying documents has re-registered under die Companies Act 
1980 with the same name as that with which it was registered immediately betore re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c. 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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Request for „ 

(See the notes on the back of this form. You eon also gst 
an explanatory leaflet from tile Patent Office to help 
you flU in this farm) 



The Patent Office 

CardtffRoad 
Newport 
GwentNP9 IRH 



I. Your reference 



PAAMBA197 



2. Patent application number 

(The Patent Office will fill in this part) 



021 9372.0 



Full name, address and postcode of the or of 
each applicant {underline all surnames) 



Patents ADP number (if you know It) 

If the applicant is a corporate body, give the 
country/stats of its incorporation 



Ashe Morris Limited 
6 Chrlstchurch Crescent 
Radlett 

Hertfordshire, WD7 8AH 



4. Title of the invention . 



FABRICATION OF HEAT EXCHANGERS USING FLAT 
SIDE HEAT TRANSFER PIPES - 



5. Name of your agent (if you have one) 


BAWDEN, Peter Charles 




"Address for service" in the United Kingdom 
to which all correspondence should be sent 
fincluding the postcode) 


Bawden & Associates 
4 The Gatehouse 
2 High Street 
Harpenden 
•Herts 
AL5 2SP 




Patents ADP number (if you know it) 


07703572002 ^ 




6. If you are declaring priority from one or more 
earlier patent applications, give die country 
and die date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number - 


Country 


Priority application number Date of filing 
(if you know it) (day / month /year) 










7 . If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the Ming date of 
the earlier application 


Number or earlier application 

- < 


Date of filing 
'day /month /year) 






8, Is a statement of inventorship and of right 
if to grant of a patent required in support of 
this request? (Answer 'Yes* if: 


|yes 





b) there is an inventor who is not named as an 
applicant or 

c) any named applicant is a corporate body. 
See note (d)) 
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9. Enter the number of sheets for any of the 
following items you axe filing with this form. 
Do not count copies of the same document 



Continuation she 


?ets of this form 


/Is 




Description 


5 w ■ 




Claimfy 






Abstract 






Drawing^ 





10, If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventoiship and right 
to grant of a patent (Patents Form 7/77) 

Request for prelhrunary exarnioation 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 
(please specify) 




11. 



I / We request yie 
Signature 



pt of a patent on the basis of this application. 
Date 



20 Aug 02 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



Peter Charles BAWD EN 01 582 466700 



Warning 

After an application for a patent lias been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent of the same invention and either no direction prohibiting publication or communication - 
has been given, or any such direction has been revoked 

Notes 

a) If you need help to fill in. this form or have any questions, please contact the Patent Office on 0645 5Q0505. 

b) Write your answers m capital letters using black ink or you may type them, 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached 

to this form. 

d) If you have attached 'Yes 9 Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it 
f) For details of the fee and ways to pay please contact the Patent Office. 
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r= ah ri«rtl«n of h eat changers usino flat side heat transfer pipes .. 

This document describes an improved fabrication method for buMingl heat 
dangers with external jackets, half coils, plenums or any other external 
flow conduit 

The technique described here represents an improved hMortom tjethod for 
a variety of heat exchangers in the food, pharmaceutical and chemical 
industry. 

This method is a better technique for fabricating batch vessels that currently 
rely on external jackets or half coil jackets. 

Thi« method is a better technique for fabricating a variety of reactors including 
bTore^ reactorS and P ol * men8at,on 

reactors. 

This method is a better technique for fabricating cross flow (heat transfer fluid) 
heat exchangers. 

This method is a better technique for fabricating variable area heat 
exchangers. 

To illustrate this concept, a jacketed vessel ^^^^^fed 
principle however applies equally well to any other externally heated or coo«ea 
equipment such as jacketed pipes, mixers evaporators etc. 



Heating/cooling Jacket 



Heat transfer 
fluid in r 




Heat transfer 
fluid out 



Figure (a) Jacketed vessel 

c,w« (»\ illustrates a conventional batch vessel with external heating/cooling. 

pumped around the vessel via an external chamber 

(jacket). 
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An Improved method to the conventional jacketed vessel Is the half coil jacket 
as shown in figure (b). The half coil consists of a half pipe wrapped around the 
body of the vessel. The heat transfer fluid is introduced into the coil and taken 
off at one or several points. 




Figure (b) Jacketed vessel 
with half coil jacket 



The half coil jacket offers better heat transfer coefficients and better heat 
transfer fluid distribution. 

The half coil method of fabricating heat exchangers Is an effective technique. 
It is essentially consists of a pipe cut in half longitudtaaily and wrapped around 
the heat transfer surface as shown In the figure (c). 
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Half coll 



Weld 

Heat transfer 
fluid 




Heat exchanger wall 



Process'-- 

w; •/••• 



Figure (c) Section cut through a half coll 



The example In figure (c) offers good heat transfer characteristics as Unere is 
no pipe wall between the heat transfer fluid and the heat transfer surface. 
However, it is a relatively difficult to fabricate. 

The alternative to the half coi! is a pipe welded to the heat transfer surface as 
shown in figure (d). 




Figure <d) Heat transfer fluid pipe welded to heat transfer surface. 



The disadvantage with the example shown in figure <d) is that the heat 
SnsfeTp^S are compromised by the additional thickness of metal 
through which the heat has to travel. 

This problem can be overcome by using a heat transfer pipe with aflat side, 
an example of which is shown in figure (e). 
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Figure (e) Flat sided heat transfer fluid pipe welded to heat transfer 
surface, 



The shape of the pipe in figure (e) can be D shaped, square, rectangular or 
any other shape providing a flat face is in contact with the heat transfer 
surface. 

Because the pipe is complete (and not cut through longitudinally), no welding 
is required, it is important however to eliminate air gaps between the pipe and 
the heat transfer surface. For this reason, the pipe should be fixed to the heat 
transfer wall by a continuous layer of material with good thermal conductivity 
properties. Good materials include: solder, silver solder, braising, thermally 
conductive epoxy cement or any other bonding material with good thermally 
conductive properties. 

A pipe with a non-round cross section is not as strong as a pipe with a round 
cross section. This, however, can be compensated for by using thicker wails. 
In practice, pipes used for cross flow are inherently stronger by virtue of 
smaller cross sectional areas. 

Because the heat transfer fluid pipe is smaller in diameter (and not in contact 
with the process fluid), materials with superior thermal conductivity can be 
used. Copper for example is an ideal heat transfer fluid pipe material. An 
external copper heat transfer fluid pipe would have negligible effect on the 
heat transfer properties of a typical industrial reactor as the table below 
illustrates. 

Table of equivalent material thicknesses 

Equivalent thicknesses of materials compared to copper. 

This table illustrates the thickness of heat transfer wall that is equivalent to the 

additional thickness of the copper wall. 



Copper wall thickness 


2 mm 


Equivalent thickness of stainless steel 


< 0.1 mm j 


Equivalent thickness of Hastellov C 


< 0.06 mm 


Equivalent thickness of glass 


< 0.01 mm 
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In most cases, the penalty for using an external copper coil rather halfcoil 
would be much less than 1% (in terms of lost heat transfer capacity). This is 
more than compensated for by the improvement In the heat transfer fluid film 
coefficient which can be achieved by using a targe number of small pipes. 

This technique represents a much simpler and cheaper method of fabricating 
heat transfer equipment with external heat transfer surfaces. It also makes the 
fabrication of cross flow (heat transfer fluid) heat exchangers simple, since 
each heat transfer tube can be piped directly to a manifold. 

This technique can be applied to any heat exchanger where the heat transfer 
fluid is delivered to an external Jacket, half coil or plenum. This includes air or 
gas heaters, heated pipes, heated conveyors eta. 
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